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In December 1983, the Mineral Trade and Markets Project sponsored 
a task force meeting on the Economics of Mineral Exploration in an 
effort to  add to the limited literature available on this topic. The eleven 
papers prepared for this meeting focus on two important questions: 
First, what are the important factors influencing the  overall level of 
exploration, as well as its allocation by geographic area  and mineral tar- 
get type? How important are mineral prices, political risk, new develop- 
ments in exploration techniques, and other factors in this regard? 
Second, has the productivity of exploration been declining over time? 
Has i t  become more difficult and costly to find new mineral reserves 
because the easier to find deposits generally are discovered first? The 
papers are  now being revised, and will eventually be submitted in an 
edited volume for publication. 
An earlier version of this study on Planning and Success of Mineral 
Exploration in the United States was among the papers presented a t  the 
task force meeting. It was prepared by Arthur W. Rose, Professor of Geo- 
chemistry at the  Pennsylvania State University, and Roderick G. Eggert, 
a Research Scholar at  IIASA with a Ph.D. in Mineral Economics from the 
Pennsylvania State University. 
John E. Tilton 
Research Leader 
Mineral Trade and Markets Project 

This paper examines three areas related to metallic mineral 
exploration in the United States: exploration success over time, the 
episodic nature of exploration activity for specific minerals, and explora- 
tion planning within large corporations. 
The gross value of metallic mineral discoveries, excluding uranium 
and iron, exhibits no clear upward or downward trend from 1955 to  1960 
in the  United States, although large short-term fluctuations in discovery 
values make discernment of a trend difficult. When exploration cost, = axe 
compared with these discovery values, the success ratio (gross value of 
discoveries/exploration costs) appears to decrease over time. Neverthe- 
less, these calculations ,are  fraught with uncertainty. Gross values for 
recent  mineral discoveries are difficult to  estimate, because i t  is unclear 
how many will actually come into production and because initial reserve 
figures are usually much lower than what ultimately is mined. Moreover, 
the expenditure data are drawn from a number of sources and must be 
viewed as estimates, not precise figures. 
Exploration for copper, molybdenum, iron, gold, and uranium has 
been episodic over the last 80 years. Surges of actiklty, lasting for 5 to 
15 years, are followed by periods of little exploration. The surges are 
often caused by increases in demand for a particular metal due to new 
uses, technologic changes in methods 01 inineral processing that permit 
different ore types to be used, and new geologic models of mineral 
occurrence that are used to guide ex p lo r a~~o n  for specific types of depo- 
sits. Periods of inactivity result from mineral discoveries that  signifi- 
cantly alter the supply of a rnetal (frequently due to successful exploita- 
tion of a new geologic or exploration model), and decreases in demand 
for a metal due to obsolescence. 
A range of exploration management and planning styles exists in 
large companies, ranging from a "strong manager" to a "team manage- 
ment" approach. Although "team managements" have become more pre- 
valent in recent  years, some of the  most successful exploration groups 
are  organized around "strong managers." 
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Shor t - term a c t i v i t i e s  i n  U.S. m i n e r a l  e x p l o r a t i o n  a r e  de te rmined  by 
t h e  p l a n n i n g  and d e c i s i o n s  of mining companies. Longer t e rm a c t i v i t i e s  a r e  
s t r o n g l y  a f f e c t e d  by t h e  s u c c e s s  r a t e  i n  f i n d i n g  d e p o s i t s  and t h e  c o s t s  of 
d i s c o v e r y .  Although bo th  t h e s e  t o p i c s  a r e  of c o n s i d e r a b l e  impor tance ,  v e r y  
l i t t l e  h a s  been p u b l i s h e d  on them. 
I n  t h i s  p a p e r ,  we r e p o r t  and d i s c u s s  d a t a  b e a r i n g  on t h e  f o l l o w i n g  
q u e s t i o n s :  
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how much h a s  been s p e n t  f o r  e x p l o r a t i o n ?  
2. Is t h e  s u c c e s s  r a t e  d e c r e a s i n g  w i t h  t ime? 
3 .  How h a s  t h e  s u c c e s s  been d i s t r i b u t e d  between major  o l d - l i n e  mining 
companies,  s m a l l  mining companies,  o i l  companies,  i n d i v i d u a l s ,  and o t h e r  
o r g a n i z a t i o n s ?  
4. Does e x p l o r a t i o n  and d i s c o v e r y  o c c u r  a t  a  un i fo rm r a t e  w i t h  t ime ,  o r  
i s  i t  e p i s o d i c ,  w i t h  booms i n t e r s p e r s e d  w i t h  p e r i o d s  of a c t i v i t y ,  and what a r e  
t h e  c o n t r o l s  of  t h i s  behav io r?  
5. What i s  t h e  n a t u r e  of  e x p l o r a t i o n  management i n  l a r g e  U.S. companies 
and how does  t h i s  r e l a t e  t o  s u c c e s s ?  
6 .  To what e x t e n t  have i n f l a t i o n ,  i n t e r n a t i o n a l  i n s t a b i l i t y ,  new methods 
o f  economic a n a l y s i s  and o t h e r  r e c e n t  developments  changed t h e  decision-making 
p r o c e d u r e s  i n  m i n e r a l  e x p l o r a t i o n ?  
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E x p l o r a t i o n  Success  
Economists might measure e x p l o r a t i o n  s u c c e s s  a s  t h e  d i s c o u n t e d  n e t  v a l u e  
o f  e x p l o r a t i o n  a c t i v i t i e s ,  by comparing t o t a l  e x p l o r a t i o n  c o s t s  t o  t h e  t h e  n e t  
f i n a n c i a l  r e t u r n s  from m i n e r a l  d e p o s i t s  d i s c o v e r e d  and brought  i n t o  
p roduc t ion .  Mackenzie and Woodall (1983) have made t h i s  t y p e  of c a l c u l a t i o n  
f o r  m i n e r a l  e x p l o r a t i o n  i n  A u s t r a l i a  and b d ~ ~ a d a .  U n f o r t u n a t e l y ,  t h e  d a t a  a r e  
comple te ly  l a c k i n g  f o r  t h e  Uni ted  S t a t e s .  T h i s  s t u d y ,  t h e r e f o r e ,  p r e s e n t s  two 
s i m p l e r  measures of e x p l o r a t i o n  s u c c e s s  i n  t h e  Uni ted  S t a t e s  s i n c e  World War 
11: g r o s s  d i s c o v e r y  v a l u e s  by f ive -year  i n t e r v a l s ,  and s u c c e s s  r a t i o s  ( g r o s s  
d i s c o v e r y  v a l u e / c o s t  of e x p l o r a t i o n ) .  It i s  a n  e x t e n s i o n  of Rose (1982) ,  
which i n c l u d e d  a  l i s t i n g  of m i n e r a l  d i s c o v e r i e s  i n  t h e  U.S. up t o  abou t  1980. 
The l i t e r a t u r e  h a s  been s e a r c h e d  up through 1983 f o r  a d d i t i o n a l  d i s c o v e r i e s  
and p r o d u c t i o n  d e c i s i o n s ,  and a  few d i s c o v e r i e s  t h a t  were over looked have been 
added. 
I n  t h i s  paper ,  a  d i s c o v e r y  i s  d e f i n e d  a s  used by Crans tone  (1983) a s  "a 
m i n e r a l  d e p o s i t  s u f f i c i e n t l y  a t t r a c t i v e  t o  have w a r r a n t e d  t h e  e x p e n d i t u r e  
n e c e s s a r y  t o  e s t a b l i s h  i t s  tonnage and grade." The l is t  t h e r e f o r e  i n c l u d e s  
some d e p o s i t s  t h a t  a r e  n o t  now o r e b o d i e s  i n  t h e  s e n s e  of c u r r e n t  
p r o f i t a b i l i t y ,  but  a l l  a r e  a t  l e a s t  major r e s o u r c e s  t h a t  could  come i n t o  
p r o d u c t i o n  under  improved economic c o n d i t i o n s .  I n  g e n e r a l ,  d e p o s i t s  w i t h  a 
g r o s s  v a l u e  l e s s  t h a n  $100,000,000 have no t  been i n c l u d e d  e x c e p t  f o r  some 
minor meta l s .  The main r e a s o n  f o r  e x c l u d i n g  such  d e p o s i t s  i s  two-fold: t h e  
s m a l l e r  d e p o s i t s  a r e  much more d i f f i c u l t  t o  o b t a i n  d a t a  on, and t h e y  appear  t o  
be of l i t t l e  o r  no s i g n i f i c a n c e  i n  e v a l u a t i n g  t h e  o v e r a l l  s u c c e s s  of m e t a l l i c  
m i n e r a l  e x p l o r a t i o n .  I n  o t h e r  words,  most of t h e  v a l u e  i s  accounted f o r  by 
t h e  l a r g e  d e p o s i t s .  Because of t h i s  s i z e  e x c l u s i o n ,  t h e  l i s t  i s  n o t  
e q u i v a l e n t  t o  l i s t s  f o r  Canada, where t h e  government h a s  c o l l e c t e d  more 
d e t a i l e d  d a t a  o v e r  t h e  y e a r s .  
The l i s t  i n c l u d e s  m e t a l l i c  d e p o s i t s  e x c e p t  uranium and i r o n .  There  i s  
good d a t a  a l r e a d y  a v a i l a b l e  f o r  uranium e x p l o r a t i o n  s u c c e s s  (Lieberman, 1976; 
U.S. Dept. of Energy D a t a ) .  I r o n  i s  exc luded  mainly  because  i t  i s  n o t  c l e a r  
how t o  a s s i g n  a  v a l u e  t o  i r o n  d e p o s i t s  i n  t h e  absence  of a  c l e a r  market  p r i c e ,  
b ~ t  t h e  d i s c o v e r i e s  s i n c e  1940 do  n o t  a p p e a r  l a r g e  enough t o  a f f e c t  t h e  
r e s u l t s  s e r i o u s l y .  
The d i s c o v e r y  d a t e  is  a l s o  i n t e n d e d  t o  f o l l o w  t h e  usage  of Crans tone  
( 1 9 8 3 ) ,  a s  " t h e  y e a r  i n  which a  d r i l l h o l e  i n t e r s e c t e d  a  m i n e r a l  zone t h a t  was 
recogn ized  w i t h i n  a  r e l a t i v e l y  s h o r t  p e r i o d  of t ime a s  b e i n g  p a r t  of a  m i n e r a l  
d e p o s i t  s o  t h a t  i t s  tonnage  and g r a d e  were e s t a b l i s h e d . "  Because t h e  t a b l e  i s  
based mainly  on p u b l i s h e d  d a t a ,  i t  i s  l i k e l y  t h a t  t h e  t r u e  d i s c o v e r y  d a t e  i s  
e a r l i e r  t h a n  t h a t  quo ted  f o r  many d e p o s i t s ,  b u t  i t  seems u n l i k e l y  t h a t  t h e  
d a t e s  a r e  wrong by more t h a n  a  y e a r  o r  two. The t a b l e  i s  i n t e n d e d  t o  i n c l u d e  
a l l  l a r g e  d i s c o v e r i e s  from 1940 th rough  1982. 
A major  q u e s t i o n  i s  t h e  i n c l u s i o n  of announced " d i s c o v e r i e s "  t h a t  a r e  n o t  
c u r r e n t l y  minable  a t  a  p r o f i t .  Some of t h e s e  d i s c o v e r i e s  a r e  e x t r e m e l y  l a r g e  
( D u l u t h  gabbro  Cu-Ni, S t i l l w a t e r  P t . ) ,  and i t  i s  n o t  c l e a r  whe the r  t h e s e  w i l l  
be produced i n  t h e  n e x t  10 y e a r s  o r  so. They have been i n c l u d e d  on t h e  b a s i s  
t h a t  t h e y  r e p r e s e n t  ve ry  l a r g e  accumula t ions  of m e t a l  t h a t  undoubtedly  h e l p  t o  
d e f i n e  a n  upper  l i m i t  on t h e  p r o d u c t i o n  c o s t s  of f u t u r e  d e p o s i t s  of economic 
i n t e r e s t ;  i n  a d d i t i o n  t h e s e  d e p o s i t s  may become major  p r o d u c e r s  a t  some f u t u r e  
d a t e .  A r e l a t e d  q u e s t i o n  i s  t h e  p r o f i t a b i l i t y  of many of t h e  p roduc ing  
d e p o s i t s .  Cook (1983) s u g g e s t s  t h a t  o n l y  21 U.S. d i s c o v e r i e s  of non-uranium 
d e p o s i t s  s i n c e  1953 have been h i g h l y  p r o f i t a b l e ,  and r e p r e s e n t  t h e  r e a l  g o a l  
of e x p l o r a t i o n .  L i m i t a t i o n  of t h e  l i s t i n g  t o  o n l y  t h e s e  h i g h l y  p r o f i t a b l e  
d i s c o v e r i e s  would c o n s i d e r a b l y  d e c r e a s e  t h e  g r o s s  v a l u e  of d i s c o v e r i e s  bu t  
on ly  s l i g h t l y  d e c r e a s e  t h e  p r o f i t ,  which i s  t h e  r e a l  r e t u r n .  
The v a l u e  l i s t e d  i s  t h e  g r o s s  v a l u e  of c o n t a i n e d  m e t a l  a t  p r i c e s  
p r e v a i l i n g  i n  1981 ( T a b l e  1  f o o t n o t e ) ,  based on announced i n f o r m a t i o n  o r  
e s t i m a t e s  of t h e  s i z e  of t h e  d e p o s i t s .  These  d a t a  a r e  a l s o  s u b j e c t  t o  
c o n s i d e r a b l e  e r r o r ,  because  t h e  u l t i m a t e  s i z e  of some d e p o s i t s  i s  undoubtedly  
underes t imatecl ,  a.?d because  some m i n e r a l i z e d  m a t e r i a l  may n e v e r  be p r o f i t a b l e  
t o  r e c o v e r  o r  because  of  d e c r e a s e d  r e l a t i v e  m e t a l  p r i c e s ,  n o t  a l l  of t h e  
quo ted  v a l u e s  w i l l  be recovered .  These f a c t o r s  s h o u l d  p a r t l y  c a n c e l  e a c h  
o t h e r .  The r e l a t i v e  p r i c e s  of v a r i o u s  commodities have changed s i n c e  1981, 
and w i l l  undoubtedly  change i n  t h e  f u t u r e .  N e v e r t h e l e s s ,  t h e  g e n e r a l  n a t u r e  
of t h e  f i g u r e s  shou ld  be v a l i d .  
One i m p o r t a n t  problem i s  t h e  s u c c e s s  r a t e  and c o s t  of s u c c e s s  i n  m i n e r a l  
e x p l o r a t i o n .  F i g u r e  1 shows t h e  v a l u e  of d i s c o v e r i e s  i n  t h e  i n t e r v a l  
1940-1982, c l a s s i f i e d  i n t o  5-year i n t e r v a l s .  I f  o n l y  p roduc ing  d e p o s i t s  a r e  
coun ted ,  t h e  v a l u e  of d i s c o v e r i e s  a p p e a r s  t o  have r e a c h e d  a  peak i n  1960-64 
and t h e n  d e c l i n e d .  However, i t  i s  a lmos t  c e r t a i n  t h a t  some d i s c o v e r i e s  from 
t h e  1970-80 p e r i o d  w i l l  come i n t o  p r o d u c t i o n  i n  t h e  n e x t  few y e a r s  (Thompson 
Cr., I d .  and Red Dog, Wulik,  and Green Creek,  Alaska  seem t h e  b e s t  c a n d i d a t e s ,  
and o t h e r s  a r e  l i k e l y ) .  I f  h a l f  of t h e  d i s c o v e r i e s  i n  1975-79 come i n t o  
p r o d u c t i o n  i n  t h e  n e a r  f u t u r e ,  a s  f o r  1960-64 and 1970-74, t h e n  t h e  v a l u e  of 
1975-79 d i s c o v e r i e s  would a b o u t  e q u a l  t h e  v a l u e  f o r  1960-64, t h e  h i g h e s t  
pe r iod .  Based on t h i s  i n f e r e n c e ,  i t  a p p e a r s  t h a t  t h e  v a l u e  of d i s c o v e r i e s  
from 1955 t o  1980 h a s  averaged  abou t  $30 x  lo9  p e r  5-year p e r i o d ,  w i t h  no 
c l e a r  t r e n d  upward o r  downward w i t h  time. 
E v a l u a t i o n  of t h e  c o s t  s i d e  of e x p l o r a t i o n  economics r e q u i r e s  d a t a  on 
e x p l o r a t i o n  e x p e n d i t u r e s .  There  a r e  no good d a t a  on e x p l o r a t i o n  expenses  f o r  
minerals in the U.S. Data in Minerals Yearbook (U.S. Bur. of Mines) that 
purport to be "exploration drilling" actually appear to include all 
non-blasthole drilling at U.S. mines, including a great deal of percussion 
drilling for short-term mine planning as well as diamond drilling to allow 
medium-term development planning. Also, the data on feet of diamond and 
rotary drilling tend to decrease In the late 1970's whereas all other data 
show a large increase in explo, tior, t~penditures. ' This inconsistency 
suggests that the data may be less complete in recent years. 
Data on "Census of the Mineral Industries" for 1977 do not allow 
separation of capitalized successful exploration from capitalized development 
at operating mines, but the 1977 figures in Table 2 probably include some 
expensed development at operating mines. Data for 1967 and 1972 involve 
similar ambiguities, as indicated by the footnotes to Table 2. 
We have used the various estimates and reports listed in Table 2 and 
illustrated in Figure 2 to make estimates for exploration to the stage of 
discovery. The intent is to estimate exploration for metallic ores (except 
uranium) within the U.S. to compare with the discovery data. Unfortunately, 
it is not possible to separate uranium easily, though much of the U 
exploration is by companies not doing metals exploration. In some cases 
the numbers probably include foreign exploration by U.S. companies. For 
1979-81, Barber (1981) showed that 35-40% of total expenditures by 12 large 
companies were foreign. Some of the data include only large companies. As 
can be seen, there are significant differences between the estimates, but none 
larger than a factor of two. For the early period, estimates made by AMAX are 
used. According to Pierce Parker (personal communication) these estimates 
were based at least partly on counts of identified exploration personnel in 
the AIME, multiplied by factors of dollars per explorationist. For the later 
p e r i o d s ,  v a r i o u s  s u r v e y s  made by i n d u s t r y  pesonne l  a r e  used.  However, o u r  own 
incomple te  d a t a  s u g g e s t  t h a t  t h e  h i g h e r  e s t i m a t e s  must i n c l u d e  a  l a r g e  
component of f o r e i g n  e x p l o r a t i o n  and uranium, s o  we have used  e s t i m a t e s  f o r  
U.S. m e t a l s  e x p l o r a t i o n  n e a r  t h e  lower  e s t i m a t e s .  
The e s t i m a t e s  adop ted  a r e  l i s t e d  i n  Tab le  3 ,  a l o n g  w i t h  v a l u e s  c o r r e c t e d  
f o r  i n f l a t i o n .  
Data  on uranium e x p l o r a t i o n  e x p e n d i t u r e s  i,ave been c o l l e c t e d  s i n c e  1966 
by t h e  Atomic Energy Commission and i t s  s u c c e s s o r s  ( T a b l e  4  and F i g u r e  3 ) .  It 
i s  a p p a r e n t  t h a t  i n  t h e  l a t e  1 9 7 0 1 s ,  uranium e x p l o r a t i o n  e x p e n d i t u r e s  exceeded 
o t h e r  m e t a l s .  The i n c l u s i o n  of p a r t  of t h e s e  e x p e n d i t u r e s  i n  some e s t i m a t e s  
of  T a b l e  2  i s  b e l i e v e d  t o  accoun t  f o r  t h e  major  d i s c r e p a n c i e s .  
Using t h e  above e s t i m a t e s ,  F i g u r e  4  shows t h e  t r e n d  of t h e  e x p l o r a t i o n  
s u c c e s s  r a t i o  ( v a l u e  d i s c o v e r e d  / d e f l a t e d  c o s t  of e x p l o r a t i o n )  p l o t t e d  a g a i n s t  
d e f l a t e d  cumula t ive  c o s t  ( i n  1981 d o l l a r s  and 1981 m e t a l  p r i c e s ) .  
The e x i s t e n c e  and s t e e p n e s s  of any t r e n d  on F i g u r e  4  c l e a r l y  depends on 
how one e v a l u a t e s  t h e  d e p o s i t s  n o t  y e t  i n  p r o d u c t i o n .  Taking o n l y  d e p o s i t s  i n  
p r o d u c t i o n ,  t h e  s u c c e s s  r a t i o  d e c r e a s e s  w i t h  t ime by more t h a n  a f a c t o r  of 10 
i n  25 y e a r s .  A d e c r e a s e  of t h i s  magnitude i s  s i m i l a r  t o  t h a t  obse rved  f o r  o i l  
( ~ e n a r d  and S h a m a n ,  1975) and uranium (Lieberman, 1976).  However, a s  no ted  
p r e v i o u s l y ,  a t  l e a s t  some of t h e  non-producing d i s c o v e r i e s  a r e  a lmos t  c e r t a i n  
t o  be produced i n  t h e  n e x t  5  y e a r s  o r  so .  I f  t h e  p r o p o r t i o n  i s  similar t o  
t h a t  e s t i m a t e d  f o r  F i g u r e  1  ($25  x  lo9 f o r  1970-74; $47 x  lo9  f o r  1975-79), 
t h e n  t h e  s u c c e s s  r a t i o  d e c r e a s e s  a t  a  somewhat lower  r a t e .  Even l e s s  of a  
d e c r e a s e  i s  p o s s i b l e  i f  a l a r g e r  p r o p o r t i o n  of t h e  non-producing d i s c o v e r i e s  
a r e  t o  be counted.  I n  summary, t h e  s u c c e s s  r a t i o  f o r  m i n e r a l s  a p p e a r s  t o  
d e c r e a s e  w i t h  t ime,  b u t  t h e  d e c r e a s e  i s  n o t  a s  l a r g e  a s  f o r  o i l  and uranium. 
The a b s o l u t e  v a l u e  of t h e  s u c c e s s  r a t i o  ranges  from a b o u t  20 t o  60 i f  
i t  i s  assumed t h a t  a t  l e a s t  h a l f  t h e  d i s c o v e r i e s  w i l l  e v e n t u a l l y  produce. 
These r a t i o s  imply t h a t  t h e  c o s t  of d i s c o v e r i n g  m e t a l l i c  m i n e r a l s  i s  2 t o  5% 
of t h e i r  g r o s s  va lue .  S i m i l a r l y ,  Brown (1983) i n d i c a t e s  t h a t  t h e  c o s t  of 
f i n d i n g  g o l d  i n  t h e  Uni ted  S t a t e s  i n  t h e  p e r i o d  1960-1980 h a s  been $8 t o  
$30/oz. ,  UL. -oout 2 t o  8% of i t s  va lue .  A s  noted  by Brown (1953: ,.-I - i h e r s ,  
t h e  s u c c ~ , ,  L d L i o  f o r  d i f f e r e n t  companies ranges  w i d e l y ,  and s n  .G , - . n i e s  
have been much more- f o r t u n a t e  o r  l e s s  f o r t u n a t e  t h a n  t h e  averages .  T h i s  t o p i c  
w i l l  be d i s c u s s e d  f u r t h e r  i n  a l a t e r  s e c t i o n .  
The d i s c o v e r i e s  have been c l a s s i f i e d  by t y p e  of company i n  Tab le  5. The 
bu lk  of t h e  d i s c o v e r i e s  i n  bo th  number and v a l u e  have been made by t h e  major 
m e t a l l i c  mining companies, b u t  medium-sized mining companies have been 
r e l a t i v e l y  s u c c e s s f u l ,  a s  have non-meta l l i c s  companies t h a t  have e n t e r e d  t h e  
m e t a l l i c  f i e l d .  O i l  companies appear  t o  have been r e l a t i v e l y  u n s u c c e s s f u l ,  
e s p e c i a l l y  i n  f i n d i n g  d e p o s i t s  t h a t  can be p u t  i n t o  p r o d u c t i o n  promptly.  
Smal l  mining companies, s t o c k  promotions and i n d i v i d u a l s  have a l s o  been v e r y  
s u c c e s s f u l  f o r  t h e i r  s i z e ,  though t h i s  segment does  n o t  a p p e a r  t o  be n e a r l y  a s  
i m p o r t a n t  a s  i n  Canada, where s e c u r i t i e s  laws make r a i s i n g  c a p i t a l  on t h e  
s t o c k  market much e a s i e r .  I n  Canada, 62% of t h e  d i s c o v e r i e s  i n  1951 t o  1974 
a r e  r e p o r t e d  t o  have been made by s m a l l  mining companies (Snow and MacKenzie, 
1981).  I n  t h e  U.S., many a d d i t i o n a l  d i s c o v e r i e s  w i t h  s i z e  below $100 x lo6 
g r o s s  v a l u e  a r e  c e r t a i n ,  probably  w i t h  a  c o n s i d e r a b l e  p r o p o r t i o n  by s m a l l  
companies, b u t  i t  seems u n l i k e l y  they would account  f o r  60% of a l l  s u c c e s s e s  
i n  t h e  U.S. The n a t u r e  of some of t h e s e  s m a l l  companies i s  n o t  c l e a r ,  bu t  
comments on s e v e r a l  of t h e  most s u c c e s s f u l  may be i n s t r u c t i v e .  
Banner Mining s t a r t e d  w i t h  a  s m a l l  underground copper  mine and a 300 t o n  
p e r  day m i l l  n e a r  Lordsburg,  N.M. The a c q u i s i t i o n  of c l a i m s ,  s t a r t i n g  i n  
1950, on p a r t  o r  a l l  of 3  major  porphyry copper  d e p o s i t s ,  2 of  + i c h  a r e  
developed and producing,  has  been d e s c r i b e d  by Bowman (1963) .  The c a s h  f low 
from t h e  one o p e r a t i n g  mine p l u s  shrewd a c q u i s i t i o n  of mining c la ims  on 
p romis ing  s m a l l  copper  mines and one government development l o a n  were used t o  
prove,  deve lop  and mine p r o g r e s s i v e l y  l a r g e r  d e p o s i t s ,  l a r g e l y  under  
g rave l -covered  a r e a s ,  u n t i l  t h e  major p r o p e r t i e s  were f i n a l l y  s o l d  t o  
Anaconda-Amax i n  t h e  1 9 6 0 1 s ,  r e p o r t e d l y  f o r  abou t  $20,000,000,  t o  become t h e  
Twin B u t t e s  mine p l u s  p o r t i o n s  of t h e  Pima-Mission mines and undeveloped 
r e s o u r c e s  a t  H e l v e t i a .  
Another  o u t s t a n d i n g  s u c c e s s  was t h e  d i s c o v e r y  of t h e  Kalamazoo orebody by 
Quin tana  Minera l s .  T h i s  orebody i s  a c t u a l l y  t h e  f a u l t e d  h a l f  of t h e  San 
Manuel porphyry copper  orebody b u t  owing t o  complex geology and e x t e n s i v e  
cover  i n  t h e  a r e a ,  t h e  d e p o s i t  w a s  n o t  a p p a r e n t  t o  g e o l o g i s t s  working i n  t h e  
d i s t r i c t .  A c o n s u l t a n t ,  J . D .  Lowell ,  was r e s p o n s i b l e  f o r  r e c o g n i z i n g  t h e  
c o r r e c t  geology and p r e s s i n g  f o r  d r i l l i n g  of  t h e  3000-4000 f t .  d r i l l h o l e s  
needed t o  d i s c o v e r  t h e  orebody,  which h a s  s i n c e  been s o l d  t o  San Manuel Copper 
f o r  a  r e p o r t e d  $27,000,000. 
I n s p e c t i o n  of T a b l e  1  s u g g e s t s  t h a t  small companies may be making a 
h i g h e r  p r o p o r t i o n  of d i s c o v e r i e s  i n  r e c e n t  y e a r s  t h a n  p r e v i o u s l y .  I n  p a r t  
t h i s  r e s u l t s  from more complete  d a t a  f o r  r e c e n t  y e a r s ,  b u t  i t  i s  a l s o  b e l i e v e d  
t o  be a  r e a l  t r e n d .  The small g o l d  d e p o s i t s  t h a t  a r e  a major  f o c u s  of U.S. 
e x p l o r a t i o n  s i n c e  t h e  l a t e  1 9 7 0 ' s  can be d i s c o v e r e d  and deve loped  w i t h  
r e l a t i v e l y  s m a l l  e x p e n d i t u r e  and pay back t h e i r  i n v e s t m e n t  i n  1  t o  2  y e a r s .  
T h e  r e l a t i v e l y  s m a l l  s i z e  of t h e s e  go ld  d e p o s i t s  compared t o  t h e  d e p o s i t s  
d i s c o v e r e d  i n  p r e v i o u s  y e a r s  l e a v e s  q u e s t i o n s  a s  t o  whe the r  e x p l o r a t i o n  by 
v e r y  l a r g e  major e x p l o r a t i o n  companies w i l l  be v i a b l e  i n  t h e  f u t u r e ,  a l t h o u g h  
the Carlin district and surroundings, which are the best of the districts, 
continue to be very profitable for Newmont. 
Table 6 summarizes the discovery history and value by geological deposit 
types. As can be seen, porphyry copper, porphyry molydenum and magmatic 
copper-nickel-platinum deposits are the largest classes by far. The high 
value for magmatic sulfides is based completely on unmined discoveries so this 
class is of uncertain economic significance. Discovery of the porphyry 
deposits reached a peak in the 1960's and early 1970's and declined 
thereafter. The Mississippi Valley lead-zinc, exhalative lead-zinc-silver, 
and sediment-hosted gold are also important types. Mississippi Valley 
lead-zinc deposits have been a continuing target with considerable success in 
Missouri and Tennessee. The exhalative lead-zinc, sediment-hosted gold, and 
epithermal gold only became popular targets in the 197O1s, but are currently a 
major focus of exploration because of their precious metal content, and in the 
case of the exhalative deposits, high grade coupled with significant tonnages. 
Volcanogenic massive sulfides, a major target in Canada from the 1950's to the 
present, received increased attention in the U.S. during the 197O1s, with some 
success. 
Beginning in the 1950's and increasingly in the 1960's and 197O1s, 
exploration has been to be increasingly oriented toward these specific 
geologic deposit types. Geologic models of idealized deposit geology were 
developed as the basis for reconnaissance exploration and follow-up of 
favorable indications. Previously, mineral occurrences found by general 
prospecting tended to be evaluated on an individual basis, with comparison to 
other deposits made only after the occurrence was found and was being 
evaluated for followup. 
A s  a n  example, t h e  model f o r  porphyry copper d e p o s i t s  i n c l u d e s  t h e  
f o l l o w i n g  components: 
1. Occurrence i n  a g r a n i t i c  porphyry s t o c k  and i n  a d j a c e n t  sed imenta ry  
and igneous  c o u n t r y  rocks .  
2 .  A s s o c i a t i o n  w i t h  a n d e s i t i c  v o l c a n i c s ,  developed i n  a subduction-zone 
environment.  
3 .  Meta l s  i n c l u d e  Cu, Mo ( r i c h e s t  w i t h i n  d e p o s i t s  formed i n  c o n t i n e n t a l  
env i ronments ) ,  Au ( r i c h e s t  i n  d e p o s i t s  formed i n  i s l a n d  a r c  env i ronments ) ,  and 
Ag; t h e s e  byproducts  may be u s e f u l  geochemical  g u i d e s  a s  w e l l  as be ing  
economical ly  impor tan t .  I n  a d d i t i o n ,  Pb, Zn, Ag, Mn and o t h e r  m e t a l s  may 
occur  i n  s m a l l  d e p o s i t s  o r  geochemical  anomal ies  around t h e  p e r i p h e r y  of t h e  
copper  d e p o s i t s .  
4. The Cu s u l f i d e s  and accompanying p y r i t e  a r e  d i s s e m i n a t e d  i n  v e r y  
l a r g e  volumes of r o c k ,  and t h e  p y r i t i z e d  rock can  ex tend  t o  s e v e r a l  k i l o m e t e r s  
from t h e  d e p o s i t ,  forming a  h a l o  t h a t  i n c r e a s e s  t h e  t a r g e t  s i z e .  I n  a d d i t i o n  
t o  v i s u a l  o b s e r v a t i o n s ,  t h e  s u l f i d e s  can  be d e t e c t e d  by t h e  induced 
p o l a r i z a t i o n  ( I .P . )  g e o p h y s i c a l  method, a  new t e c h n i q u e  developed t o  h e l p  
e x p l o r a t i o n  f o r  t h e s e  d e p o s i t s ,  e s p e c i a l l y  where a c o v e r  of younger rocks  
c o n c e a l s  t h e  s u l f i d e s .  
5. E x t e n s i v e  a l t e r a t i o n  of t h e  h o s t  rocks  t o  c l a y ,  mica,  f e l d s p a r ,  and 
o t h e r  m i n e r a l s  ex tends  o u t  a s  much a s  s e v e r a l  k i l o m e t e r s  from t h e  d e p o s i t .  
The a l t e r a t i o n  i s  zoned, forming a  "bul ls-eye"  i n  many c a s e s  t h a t  can  g u i d e  
e x p l o r a t i o n  t o  t h e  ore .  Accessory m a g n e t i t e  i s  d e s t r o y e d  i n  most a l t e r a t i o n ,  
b u t  i s  added i n  s k a r n  zones i f  l i m e s t o n e s  a r e  p r e s e n t ,  l e a d i n g  t o  magne t ic  
anomal ies .  
6. The h o s t  rock i s  e x t e n s i v e l y  s h a t t e r e d ,  commonly i n  one o r  two 
p r e f e r r e d  d i r e c t i o n s  t h a t  c o i n c i d e  w i t h  r e g i o n a l  l i n e a m e n t s  and swarms of 
igneous  d i k e s  t h a t  may a s s i s t  i n  l o c a t i n g  f a v o r a b l e  t a r g e t s .  
The a p p l i c a t i o n  of t h i s  model a l l o w s  d e t e c t i o n  and e f f i c i e n t  e x p l o r a t i o n  
of d e p o s i t s  t h a t  a r e  c o n c e a l e d  by younger r o c k s ,  which c o v e r  213 of t h e  
f a v o r a b l e  r e g i o n  i n  s o u t h w e s t e r n  U.S., t h u s  p r o v i d i n g  much g r e a t e r  p o t e n t i a l  
f o r  d i s c o v e r y .  Si-m:lar models now e x i s t  f o r  a l l  t h e  d e p o s i t  t y p e s  of T a b l e  6 ,  
a s  w e l l  a s  o t h e r  t y p e s  (Ohle  and B a t e s ,  1981; Cox, 1983). The development and 
r e f i n e m e n t  of t h e s e  models i s  now a  major  f o c u s  of e f f o r t  i n  e x p l o r a t i o n  by 
major  companies (Wilson,  1982) .  
Time A s p e c t s  of  E x p l o r a t i o n  f o r  S p e c i f i c  M e t a l s  
A c l o s e r  look  a t  e x p l o r a t i o n  and d i s c o v e r y  s u g g e s t s  t h a t  e x p l o r a t i o n  may 
be e p i s o d i c  i n  n a t u r e ,  a t  l e a s t  d u r i n g  some s t a g e s  of t h e  p r o c e s s .  T h i s  
b e h a v i o r  i s  w e l l  i l l u s t r a t e d  f o r  copper  i n  F i g u r e  5. 
I n i t i a l  d e p o s i t s  of n a t i v e  copper  d i s c o v e r e d  i n  a b o u t  1845 i n  n o r t h e r n  
Michigan r e q u i r e d  o n l y  s i m p l e  c r u s h i n g  and g r a v i t y  s e p a r a t i o n  t o  o b t a i n  t h e  
meta l .  Grades were  a p p a r e n t l y  s e v e r a l  p e r c e n t  Cu. The o r e s  o c c u r r e d  i n  
g e o l o g i c a l l y  r e l a t i v e l y  s i m p l e  f l o w  t o p s  and t h i n  cong lomera tes .  No f u r t h e r  
major  d i s c o v e r i e s  were made u n t i l  1870,  when B u t t e ,  Montana was found. The 
B u t t e  o r e s  ( a t  t h i s  p e r i o d )  were  i n  v e r y  h i g h  g r a d e  v e i n s  ( 5  t o  20% Cu w i t h  
s i g n i f i c a n t  s i l v e r  and some go ld .  The v e i n s  had complex s t r u c t u r a l  r e l a t i o n s  
t h a t  s p u r r e d  development of g e o l o g i c a l  t e c h n i q u e s  f o r  p r e d i c t i n g  e x t e n s i o n s ,  
bu t  t h e  g r a d e  was h igh  enough t o  s u p p o r t  r e l a t i v e l y  e x p e n s i v e  underground 
mining. 
I n  1899,  D a n i e l  J a c k l i n g  recogn ized  t h e  p o t e n t i a l  f o r  low-cost open p i t  
mass mining of r e l a t i v e l y  low g r a d e  "porphyry copper"  o r e  a t  Bingham, Utah 
( P a r s o n s ,  1957) .  The o r e  had a g r a d e  of 2% Cu bu t  copper  m i n e r a l s  were 
r e l a t i v e l y  un i fo rmly  d i s t r i b u t e d  through a l a r g e  mass of "porphyry" ,  a  
g r a n i t i c  igneous  rock.  J a c k l i n g  was i n i t i a l l y  r i d i c u l e d  because  t h e  g r a d e  was 
s i m i l a r  t o  t h e  t a i l i n g s  ( w a s t e  a f t e r  p r o c e s s i n g )  a t  B u t t e ,  bu t  by mining and 
p r o c e s s i n g  l a r g e  tonnages  by new n?+l .ods ,  J a c k l i n g  a c h i e v e d  c o m p e t i t i v e  c o s t s .  
The age  of e l e c t r i c i t y  had s t a r t e d ,  f u r n i s h i n g  a n  i n c r e a s e d  demand f o r  copper.  
The s u c c e s s  a t  Bingham, coupled w i t h  i n c r e a s e d  demand, s p u r r e d  d i s c o v e r y  and 
development of seven  o t h e r  porphyry copper  d e p o s i t s  i n  w e s t e r n  U.S. and two i n  
C h i l e  i n  t h e  p e r i o d  1900-1915. The ex t remely  high-grade non-porphyry d e p o s i t  
a t  Kenneco t t ,  Alaska was a l s o  d i s c o v e r e d  i n  1900 and p u t  i n t o  p r o d u c t i o n  i n  
1911. 
Al though p r o d u c t i o n  a t  Bingham was s t a r t e d  on t h e  b a s i s  of abou t  12 
m i l l i o n  t o n s  of 2% copper  o r e ,  i t  was r e a d i l y  a p p a r e n t  t h a t  v e r y  much l a r g e r  
tonnages  of lower  g r a d e  o r e  were p r e s e n t .  By i n c r e a s i n g  t h e  s c a l e  of 
o p e r a t i o n s  and by appl-ying t h e  new p r o c e s s  of f l o t a t i o n  t o  s e p a r a t e  t h e  
copper  m i n e r a l s  from u s e l e s s  gangue, p r o f i t a b l e  g r a d e s  dropped t o  a b o u t  1% i n  
1925 and 0.8% i n  1960. The t o t a l  p r o d u c t i o n  of Bingham t o  1972 was 1.24 x lo9 
t o n s  of 0.91% Cu, p l u s  v a l u a b l e  byproducts  of 0.036% Mo, 0.0064 oz/T Au and 
0.058 oz/T Ag, w i t h  a t o t a l  v a l u e  of $35 x lo9  a t  t h e  p r i c e s  of T a b l e  1 ;  i n  
a d d i t i o n ,  1.7 x lo9  t o n s  w i t h  0.71% Cu s t i l l  remained i n  1972 (Gilmour,  1982).  
S i m i l a r  d e c r e a s e s  i n  p r o f i t a b l e  g r a d e  were accomplished a t  o t h e r  d e p o s i t s ,  
though tonnages  of o r e  a r e  g e n e r a l l y  s m a l l e r ,  i n  t h e  hundreds  of m i l l i o n s  of 
t o n s ,  a s  i l l u s t r a t e d  on F i g u r e  6 .  The major  copper  companies (Kenneco t t ,  
P h e l p s  Dodge, Anaconda, M i a m i  Copper) were o r g a n i z e d  by c o n s o l i d a t i o n s  of 
ownership  i n  1910-1925. Porphyry copper  d e p o s i t s  have accoun ted  f o r  abou t  80% 
o f  U.S. copper  p r o d u c t i o n  and 40% of  world  copper  p roduc t ion .  
By t h i s  p r o c e s s  of t e c h n o l o g i c a l  improvement and expans ion  t h e  demand f o r  
copper  was s a t i s f i e d  u n t i l  abou t  1950. Very l i t t l e  e x p l o r a t i o n  f o r  copper  was 
c a r r i e d  o u t  i n  t h e  p e r i o d  1915-1945, and of t h e  few d e p o s i t s  t h a t  were  found,  
o n l y  t h e  Bagdad d e p o s i t  i n  Ar izona  was p u t  i n t o  p r o d u c t i o n ,  by a n  independen t  
company. The l a r g e  consumption d u r i n g  World War IL p r c l ~ a b l y  a c c e l e r a t e d  t h e  
development of t i g h t e r  s u p p l i e s .  I n  t h e  e a r l y  1 9 5 0 1 s ,  s e v e r a l  new companies 
(ASARCO, Pima Mining, Copper Range, Newmont) responded t o  i n c r e a s i n g  demand by 
d i s c o v e r i n g  and opening new mines,  most ly  of t h e  porphyry copper  t y p e ,  and t h e  
major  copper  p r o d u c e r s  g r e a t l y  s t e p p e d  up e x p l o r a t i o n .  Governmental  l o a n s  and 
p r i c e  s u p p o r t  agreements  d u r i n g  t h e  Korean War a l s o  promoted development.  
T h i s  e x p l o r a t i o n  "boom" f o r  porphyry copper  d e p o s i t s  l a s t e d  u n t i l  a b o u t  1974 
and r e s u l t e d  i n  d i s c o v e r y  of a b o u t  30 porphyry copper  d e p o s i t s  i n  w e s t e r n  
U.S., and many o t h e r s  i n  Canada, Mexico, Panama, Ecuador,  P e r u ,  C h i l e ,  
A r g e n t i n a ,  P h i l l i p i n e s ,  New Guinea,  Yugos lav ia ,  I r a n ,  and e l sewhere .  
T h i s  p e r i o d  of e x p l o r a t i o n  s u c c e s s  ended i n  t h e  e a r l y  1970 ' s  because  t h e  
p r i c e  of copper  no l o n g e r  j u s t i f i e d  t h e  v e r y  h i g h  c a p i t a l  expense  of 
c o n s t r u c t i n g  t h e  l a r g e  mining and p r o c e s s i n g  f a c i l i t i e s ,  r e f l e c t i n g  t h e  f a c t  
t h a t  a n  a d e q u a t e  s u p p l y  of copper  was a v a i l a b l e  from t h e  e x i s t i n g  d e p o s i t s ,  
t h e  world economy had slowed i t s  growth,  and e x p l o r a t i o n  had been ex t remely  
s u c c e s s f u l .  E x p l o r a t i o n  f o r  copper  i s  now l a r g e l y  l i m i t e d  t o  s e a r c h  f o r  t h e  
s m a l l e r  b u t  h i g h e r  g r a d e  mass ive  s u l f i d e  d e p o s i t s  which t end  t o  c o n t a i n  h i g h  
v a l u e s  i n  z i n c  and p r e c i o u s  m e t a l s  a s  w e l l  a s  copper.  
A major q u e s t i o n  i s  whether  e x p l o r a t i o n  f o r  copper  w i l l  r e c o v e r  i n  t h e  
n e a r  f u t u r e  when t h e  economy improves o r  w i l l  remain  a t  a  low ebb. T a b l e  1 
and t h e  e q u i v a l e n t  t a b l e  i n  Rose (1982) i n d i c a t e  t h a t  non-producing 
d i s c o v e r i e s  c o n t 3 i n  abou t  50 x  lo6  t o n s  of Cu. At l e a s t  40 x  lo6  t o n s  remain 
i n  producing d e p o s i t s .  Given t h e  consumption of a b o u t  2  x  ' lo6  t o n s  of copper  
p e r  y e a r  i n  t h e  U.S. and q u e s t i o n a b l e  growth i n  consumption,  t h i s  r e s e r v e  w i l l  
l a s t  f o r  a b o u t  45 y e a r s .  These  d a t a  s u g g e s t  t h a t  a n o t h e r  p e r i o d  of l i m i t e d  
e x p l o r a t i o n  f o r  copper  i s  a t  hand, u n l e s s  t h e  wor ld  demand and p r i c e  i n c r e a s e  
t o  a n  e x t e n t  t h a t  t h e  U.S. becomes a  major e x p o r t e r  of copper .  i. t h e  
meantime, d i s c u s s i o n s  w i t h  managers of e x p l o r a t i o n  companies s u g g e s t  t h a t  they  
a r e  i n t e r e s t e d  on ly  i n  d e p o s i t s  of markedly h i g h e r  g r a d e  and lower  p r o d u c t i o n  
c o s t  t h a n  t h e  c l a s s i c a l  porphyry  copper.  
S i m i l a r  c o n c l u s i o n s  a p p e a r  v a l i d  f o r  o t h e r  m e t a l s .  The d i s c o v e r y  of 
Climax i n  a b o u t  1915 s u p p l i e d  t h e  molybdenum market  u n t i l  a b o u t  1.957, when 
Ques ta ,  N.M. was found. As i n d i c a t e d  i n  T a b l e  1 ,  s i x  v e r y  major  d i s c o v e r i e s  
were made i n  1965 t o  1981. The t o t a l  r e s e r v e s  of Mo i n  t h e s e  d e p o s i t s  amount 
t o  a b o u t  5  x lo6  t o n s  of MoS2, which would supp ly  t h e  U.S. consumption f o r  50 
y e a r s ,  even w i t h o u t  t h e  c o n t i n u i n g  supp ly  of byproduct  Mo from porphyry copper  
d e p o s i t s ,  and t h e  remain ing  r e s e r v e s  a t  t h e  4  p roduc ing  d e p o s i t s .  
F o r  i r o n ,  a  major  worldwide p e r i o d  of e x p l o r a t i o n  i n  1946-1960 was s o  
s u c c e s s f u l  t h a t  l i t t l e  o r  no e x p l o r a t i o n  is now b e i n g  done f o r  t h i s  commodity. 
The t e c h n o l o g i c a l  developments  i n  t a c o n i t e  mining and p r o c e s s i n g  were a n  
i m p o r t a n t  p a r t  of t h i s  s u c c e s s ,  a s  was t h e  r e c o g n i t i o n  of a  v e r y  l a r g e  t y p e  of 
d e p o s i t ,  t h e  S u p e r i o r - t y p e  o r e s  of middle  Precambr ian  age.  S i n c e  1970 t h e  
major  i r o n  companies have l a r g e l y  d i v e r s i f i e d  t h e i r  m i n e r a l  e x p l o r a t i o n  s t a f f s  
t o  f e r r o - a l l o y s .  
For  g o l d ,  a  s i m i l a r  p a t t e r n  of e p i s o d i c  e x p l o r a t i o n  i s  e v i d e n t ,  though i n  
t h i s  c a s e  i t  r e f l e c t s  a b r u p t  changes i n  p r i c e .  We a r e  p r e s e n t l y  i n  t h e  mids t  
of an exploration boom, after a period of negligible exploration from 
1940-1970. 
For uranium, exploration from 1940 to 1957supplied adequate reserves for 
nuclear weapons (Figure 3). Development of nuclear power plants led to 
another boom in 1967-80, largely terminated by major high-grade discoveries in 
Canada and Australia, along with decreases in demand. Exploration is now 
dormant. 
The existence of this episodic behavior for other metals is not so 
evident, but suggestions exist for these also. The episodes appear to be 
caused by several factors: 
1. The very large size of some discoveries or deposit types 
(Superior-type iron formations, porphyry copper and molybdenum deposits, 
unconformity uranium deposits) resulting in drastic changes in supply from one 
or a few discoveries. 
2. The successful exploitation of exploration models and resulting 
discovery of many deposits once a new ore-type is identified; the porphyry 
copper and porphyry molybdenum models are good examples, but many others are 
in use in recent years (Cox, 1983). 
3. Increases in demand and price created by new uses plus recognition of 
tight supply conditions; decreases in demand and price resulting from 
obsolescence of uses and excess supply. 
4. Technologic changes, such as the development of flotation, and heap 
leaching of low-grade gold, which open up a new class of deposits; in a few 
cases technologic improvements in exploration have had a major impact, such as 
airborne magnetic methods for iron ore in the 1950's. 
The episodic behavior for metals contrasts greatly with the Gaussian 
pattern of petroleum discovery proposed by Hubbert (1974). However, the 
Hubbert  c u r v e  d e a l s  w i t h  r e s e r v e s  r a t h e r  t h a n  e x p l o r a t i o n  f o r  new f i e l d s .  
Even i n  o i l ,  e p i s o d i c  p e r i o d s  of s u r p l u s  can  be r e c o g n i z e d ;  f o r  example d u r i n g  
t h e  1930-1960 p e r i o d  when t h e  Texas R a i l r o a d  Commission l i m i t e d  p r o d u c t i o n  t o  
a v o i d  s h a r p  d e c r e a s e s  i n  p r i c e  r e s u l t i n g  from major Texas d i s c o v e r i e s .  It 
a p p e a r s  t h a t  o i l  d i s c o v e r y  w i t h i n  t h e  U.S. i s  a l s o  e p i s o d i c  i f  t h e  t o t a l  
r e s e r v e s  i n  s u p e r g i a n t  f i e l d s  a r e  counted i n  t h e  y e a r  of t h e i r  d i s c o v e r y ,  a s  
done h e r e  f o r  m e t a l s ,  r a t h e r  t h a n  d u r i n g  development of t h e  f i e l d s .  
I f  t h e  s t o c k  of r e s e r v e s  d e c l i n e s  t o  t h e  p o i n t  t h a t  i t  i s  i n a d e q u a t e  o r  
i s  p e r c e i v e d  t o  be i n a d e q u a t e  t o  supp ly  consumption,  and t h e  r e a l  m e t a l  p r i c e  
i n c r e a s e s  markedly ,  t h e  h i s t o r y  of e x p l o r a t i o n  s u g g e s t s  t h a t  e x p l o r a t i o n i s t s  
a r e  s t i m u l a t e d  t o  f i n d  new d e p o s i t s  and t o  s e a r c h  f o r  and f i n d  new t y p e s  of 
d e p o s i t s .  The d i s c o v e r y  of porphyry coppers ,  porphyry molybdenum, C a r l i n  
g o l d ,  s a n d s t o n e  and unconformi ty  uranium, and Cu-Ni-Co-bearing Mn nodules  i n  
t h e  deep s e a  a p p e a r  t o  i l l u s t r a t e  t h i s  p a t t e r n .  E x p l o i t a t i o n  of t h e  i d e a s  
g e n e r a t e d  by a  new d e p o s i t - t y p e  may l e a d  t o  a  g l u t  of r e s e r v e s  and n e a r  
c e s s a t i o n  of e x p l o r a t i o n .  The p r i c e  of t h e  commodity may i n c r e a s e  i n i t i a l l y ,  
b u t  t h e  e v e n t u a l  p r i c e  i s  l i k e l y  t o  depend on p r o d u c t i o n  technology a s  w e l l  a s  
supply-demand r e l a t i o n s .  
I n  t h e  p a s t  i t  seems t o  have been assumed t h a t  i n c r e a s i n g  demand f o r  
m i n e r a l  commodities would l e a d  t o  c o n s t a n t l y  i n c r e a s i n g  l e v e l s  of m i n e r a l  
e x p l o r a t i o n .  The h i s t o r i c a l  r e c o r d  does  n o t  a p p e a r  t o  j u s t i f y  t h i s  
assumpt ion.  It a p p e a r s  more l i k e l y  t h a t  t h e  r a t e  of m i n e r a l  e x p l o r a t i o n  f o r  
i n d i v i d u a l  commodities i s  i n h e r e n t l y  u n s t a b l e ,  e s p e c i a l l y  i f  we a r e  mining 
c o n c e n t r a t i o n s  of r e l a t i v e l y  s m a l l  d imensions  w i t h  a  g r a d e  t e n s  t o  hundreds  of 
t imes  t h a t  of a v e r a g e  r o c k s ,  t h e  d i s c o v e r y  of which i n v o l v e s  a  l a r g e  component 
of q u a l i t a t i v e  g e o l o g i c  knowledge and r i s k  c a p i t a l .  The t o t a l  m e t a l l i c  
e x p l o r a t i o n  e f f o r t  i s  t h e  sum of e f f o r t s  f o r  i n d i v i d u a l  commodities,  and may 
smooth some of the peaks and valleys, but large fluctuations appear to remain. 
This conclusion appears to have major implications for long-range resource 
planning, exploration, research and education. 
Exploration Planning 
The year to year exploration activities of mining companies reflect the 
decj:icns and style of their exploration managers and the interactions of 
these individuals both within and outside their company. In 1982, we 
conducted interviews of several hours duration with exploration managers of 3 
large companies and found some distinctive and unexpected responses. This 
outcome led to telephone interviews with 6 other managers to investigate the 
extent to which the initial 3 were representative. The following discussion 
is qualitative, but is believed to be relevant to an understanding of 
exploration. 
The interviews indicate two end-member styles of operation. In one 
end-member, the exploration manager is a strong individual leader, and he 
tends to dominate the planning of exploration. At the other end, the planning 
is conducted by a team, which may have the manager as a coordinator or leader, 
but with only slightly more impact than other participants. These two styles 
are obviously generalized and do not exactly fit any one company, but are 
useful in understanding the range of behavior. 
In companies with strong managers, the selection of commodities is likely 
to be done by the leader on a largely qualitative basis, with only incidental 
input from formal commodity and market analysts. These individuals tend to 
have a wide range of acquaintances in the minerals industry, and to rely on 
informal news and highly competent consultants and friends, plus their own 
ideas, for recognizing new possibilities and trends. The geologic potential 
f o r  d i s c o v e r y  and development of new t y p e s  of d e p o s i t s  i s  g i v e n  s t r o n g  we igh t  
i n  s e l e c t i o n  o f  commodities,  and market a n a l y s e s  t e n d  t o  be i n f o r m a l  o r  t o  
f o l l o w  t h e  g e o l o g i c  i d e a .  The s t r o n g  manager t e n d s  t o  have and u s e  a c c e s s  t o  
t h e  company p r e s i d e n t  o r  chairman t o  r a t i f y  h i s  d e c i s i o n s  when n e c e s s a r y .  He 
a l s o  h a s  s t r o n g  i d e a s  on how e x p l o r a t i o n  s h o u l d  be done,  and makes t h e s e  
known. T h i s  t y p e  of management e x i s t s  i n  s e v e r a l  companies w i t h  a n n u a l  
e x p l o r a t i o n  budge t s  exceed ing  $15,000,000,  i n  o i l  companies a s  w e l l  a s  mining 
companies. T h i s  e x p e n d i t u r e  l e v e l  a p p e a r s  t o  exceed t h e  proposed l e v e l  of 
e f f i c i e n t  e x p l o r a t i o n  ( 3  t o  8  m i l l i o n  d o l l a r s )  w i t h i n  a  " h u n t i n g  group" (Snow 
and Mackenzie, 1981).  However, each  of t h e s e  o r g a n i z a t i o n s  does  a l l o w  a  
s i g n i f i c a n t  c r e a t i v e  r o l e  t o  e x p l o r a t i o n i s t s  below t h e  e x p l o r a t i o n  manager. 
pe rhaps  c o u n t e r b a l a n c i n g  t h e  problems of s i z e .  
I n  c o n t r a s t ,  t h e  "team" management r e l i e s  more on o r g a n i z e d  g roups  of 
s p e c i a l i s t s  t o  s t u d y  and recommend commodities. These  s p e c i a l i s t s  a r e  
commonly a t t a c h e d  t o  a  p l a n n i n g  g roup  i n  company h e a d q u a r t e r s ,  r a t h e r  t h a n  t o  
t h e  e x p l o r a t i o n  depar tment ,  though t h i s  i s  n o t  a lways  t r u e .  I n  some i n s t a n c e s  
t h e  e x p l o r a t i o n  manager may s u g g e s t  a  l i s t  of commodities f o r  s t u d y ,  b u t  t h e  
s t a f f  r e p o r t  i s  t h e  key t o  a c t i o n .  The commodity a p p r a i s a l  i s  commonly made 
p r i o r  t o  development of g e o l o g i c  i d e a s  f o r  t y p e s  of d e p o s i t s  and c o u n t r i e s  t o  
be  exp lo red .  A long-range p l a n  ( 5  o r  even  10  y e a r s )  may be deve loped  and 
updated by a  p l a n n i n g  group.  The e x p l o r a t i o n  manager does  n o t  g e n e r a l l y  have 
o r  u s e  a s  much a c c e s s  t o  t o p  company o f f i c e r s  t o  make o r  conf i rm d e c i s i o n s .  
T h i s  t y p e  of management e x i s t s  i n  bo th  o i l  and mining companies,  bu t  o b v i o u s l y  
t e n d s  t o  be more common i n  l a r g e  companies. 
S i m i l a r l y ,  i n  terms of choos ing  and e v a l u a t i n g  c o u n t r i e s  i n  which t o  
e x p l o r e ,  t h e  s t r o n g  managers t e n d  t o  make d e c i s i o n s  based on t h e i r  own 
e x p e r i e n c e  i n  t h e  c o u n t r i e s ,  o r  by ad hoc  c o n s u l t a t i o n  w i t h  f r i e n d s ,  
consultants, and company personnel with experience in the country. The team 
management tends to assemble a team of specialists to evaluate and report on 
countries, or to have a permanent group organized in the company. 
The companies with strong exploration managers also tended to have strong 
leaders as president or chairman of the company. These leaders generally 
provided more input to the exploration department than in group management 
companies, though it was appropriate19 broad in most instances. In several 
companies, the top officials suggested new commodities and countries. In 
contrast, the top management in team managements seemed to be willing to let 
their exploration department and evaluation groups choose the commodities and 
countries, and to exercise only financial management. 
There appears to be a trend toward the group management style. Several 
companies had initiated organized evaluation groups in the last 1 to 3 years. 
The large oil companies that have entered the minerals business or purchased 
mining companies tend to have group management, but this is not universal; one 
of the oil companies, a moderate sized one, was most clearly in the strong 
manager group. The old-line mining companies were more likely to have strong 
managers, but several were intermediate, with neither a strong manager nor a 
well developed team. In several companies, the group management was adopted as 
part of a plan to diversify, but two of the strong-manager companies were 
diversifying as well. 
It would be of interest to evaluate the success of the two types of 
management. Unfortunately, we have detailed data on discoveries and 
exploration expenditures mainly for the strong manager type of company, 
probably because these companies were more willing to be interviewed. It is 
apparent that both types of management have made multiple discoveries and can 
be successful. However, a tentative conclusion is that the strong-manager 
companies a r e  p robab ly  more s u c c e s s f u l ;  c e r t a i n l y  t h e y  a r e  q u i t e  s u c c e s s f u l ,  
because  a l l  of them have made a t  l e a s t  2 major  d i s c o v e r i e s  s i n c e  1970 t h a t  
have come i n t o  p r o d u c t i o n  o r  seem l i k e l y  t o  do s o  w i t h i n  a  few y e a r s .  t h e  
s u c c e s s  of t h e s e  e x p l o r a t i o n  groups  a p p e a r s  a t t r i b u t a b l e  t o  be ing  p o t e n t i a l l y  
q u i c k e r  t o  s e i z e  new o p p o r t u n i t i e s ,  more e n t r e p r e n e u r i a l ,  and b e t t e r  a b l e  t o  
s a t i s f y  most o t h e r  c h a r a c t e r i s t i c s  of s u c c e s s f u l  e x p l o r a t i o n  g roups  e x p r e s s e d  
by Snow and Mackenzie (1981)  and B a i l l y  (1979) .  The 6is : ldvantage a p p e a r s  t o  
be  t h a t  i f ' t h e  strong-manager i s  n o t  competent  enough, t h e  whole e f f o r t  may 
f a i l .  i n  c o n t r a s t ,  a l t h o u g h  a l l  of t h e  team management companies have made 
d i s c o v e r i e s  s i n c e  1970,  t h e  number l i k e l y  t o  come i n t o  p r o d u c t i o n  soon a p p e a r s  
t o  be 0  o r  1 p e r  company, even though s e v e r a l  of t h e s e  companies have 
e x p l o r a t i o n  budge t s  s i m i l a r  t o  t h e  l a r g e r  strong-manager companies. 
Another  t r e n d  t h a t  h a s  i m p o r t a n t  i m p l i c a t i o n s  f o r  f u t u r e  e x p l o r a t i o n  i s  a  
tendency t o  e v a l u a t e  d i s c o v e r i e s  p r i m a r i l y  by comparison of  t h e i r  c o s t  of 
p r o d u c t i o n  w i t h  t h e  e x i s t i n g  a r r a y  of  d e p o s i t s ,  r a t h e r  t h a n  by r e t u r n  on 
inves tment .  The r e c e n t  s e v e r e  i n f l a t i o n ,  and u n u s u a l l y  d e p r e s s e d  m e t a l  p r i c e s  
r e l a t i v e  t o  long-term a v e r a g e s  have o b v i o u s l y  impressed  t h e s e  managements w i t h  
t h e  d i f f i c u l t y  of e s t i m a t i n g  meaningful  f u t u r e  p r i c e s  f o r  m i n e r a l s .  As a  
r e s u l t ,  r e t u r n  on i n v e s t m e n t  canno t  be c a l c u l a t e d  w i t h  any assurance .  The 
p l a n n i n g  of e x p l o r a t i o n  t o  d i s c o v e r  d e p o s i t s  w i t h  r e l a t i v e l y  low c o s t  of 
p r o d u c t i o n  r e l a t i v e  t o  e x i s t i n g  d e p o s i t s  was no ted  a s  a  company g o a l  by a l l  
managers i n t e r v i e w e d  i n  d e p t h  and by s e v e r a l  o t h e r s .  S i m i l a r l y ,  when t h e y  
found a  d e p o s i t ,  t h i s  c r i t e r i o n  was g i v e n  heavy we igh t  i n  d e c i d i n g  on 
development.  
A  r e l a t e d  change i n  r e c e n t  y e a r s  h a s  been t h e  r e - o r i e n t a t i o n  of 
e x p l o r a t i o n  i n t o  g e o l o g i c  t y p e s  of d e p o s i t s  t h a t  w i l l  p roduce h i g h e r  and more 
c e r t a i n  p r o f i t ,  even  though t h e s e  a r e  s m a l l e r  t h a n  o t h e r  types .  For  example, 
volcanogen ic  mass ive  s u l f i d e s  a r e  p r e f e r r e d  a s  a  t a r g e t  compared t o  l a r g e r  but  
lower  g r a d e  porphyry copper  d e p o s i t s ,  and t h e  low-grade g o l d  d e p o s i t s  i n  
Nevada commonly have s h o r t  pay-out t i m e s  and low c a p i t a l  c o s t .  
Conclusions 
The main results of this study may be summarized as follows: 
1. Very little useful data exists on expenditures for and success of 
exploration in the U.S.; companies do not tend to release explicit data and 
the figures collected by the U.S. government are incomplete and inappropriate 
for evaluation of exploration. 
2. The gross value of metallic mineral discoveries in the U.S. has 
averaged about $6 x lo9 per year between 1955 and 1980, with no clear trend 
with time, but large short-term fluctuations make discernment of a trend 
very difficult . 
3. Expenditures for metallic mineral exploration in the U.S. have 
increased by a factor of about 2.5 in real dollars over the period 1955-1983. 
There is a probable decrease in 1983 compared to 1982. 
4. The success ratio (gross value of discoveries/cost of discovery) is 
difficult to evaluate for the last 10 years, because of uncertainty as to how 
many recent discoveries will really come into production. The ratio appears 
to decrease with time, but by less of a factor than for oil and uranium. 
5. Oil companies entering metallic mineral exploration appear to have 
been less successful than major metallic and non-metallic mining companies, 
and small companies. 
6. Planning of exploration in recent years has been organized around 
search for specific geologic types of deposits, which are considered to have 
favorable economic and exploration characteristics. An idealized set of 
geologic and exploration attributes is developed for each type and used to 
guide exploration. This approach has been responsible for groups of 
discoveries over periods of 10 years or so, and considerable increases in 
reserves. 
7. Exploration for copper, molybdenum, iron, uranium and gold has been 
episodic over the past 80 years, with spurts of activity for 5-15 years 
followed by periods of little activity. The assumption of constantly 
increasing future exploration is not justified. 
Causes for episodic exploration include discovery of one or a few very 
large deposits that drastically change the reserves and costs of production, 
successful exploitation of exploration models to discover many deposits over a 
short period, changes in demand caused by new uses of metals, decreases in 
demand caused by obsolescence, and technologic change in methods mineral 
processing. 
8. A range of management and planning styles exists in exploration 
groups; these can be categorized as ranging from a "strong manager" to a 
"team management" approach. There is a trend toward "team management", but 
some of the most successful exploration groups have a strong manager 
organization. 
9. New discoveries now tend to be evaluated more on cost relative to 
existing producers than on return on investment, because of inflation and 
rapid changes in metal prices and production costs. There is also a trend 
toward exploration for high-profit deposits rather than large low-grade 
deposits requiring major capital investment and slow payback. 
References  
B a i l l y ,  P.A., 1979,  Managing f o r  o r e  d i s c o v e r i e s :  Mining Eng., v. 31 ,  p. 663- 
671. 
Barber ,  G.A.,  1981, F o r e i g n  exp lo ra t ion- -p ros  and cons:  Mining Congr. J . ,  
. . - I - \  
. . -, , p. 20-23. 
Bow. ., A, '  , 1963, H i s t o r y ,  growth and development of a s m a l l  I+-'-- company; 
Mining E n g i n e e r i n g ,  v. 15 ,  no. 6 ,  p. 42-49. 
Brown, W.K., 1983, E x p l o r a t i o n  f o r  gold:  C o s t s  and r e s u l t s :  P r e p r i n t  83-142, 
Soc. of ~Yining Eng., 4 pp. 
Census Dept. ,  1967,  1972,  19'77, Census of t h e  M i n e r a l  I n d u s t r i e s :  U.S. Dept. 
of  Commerce, Washington,  D.C. 
Chenoweth, W.L., 1979,  I n d u s t r y  e x p l o r a t i o n  a c t i v i t i e s :  U.S. Dept. of Energy 
Open F i l e  Repor t  GJO-108(79), p. 173-184. 
Cook, D.R. ,  1983, E x p l o r a t i o n  o r  a c q u i s i t i o n :  The o p t i o n s  f o r  a c q u i r i n g  
m i n e r a l  d e p o s i t s ;  Mining Congress J o u r n a l ,  v. 69 ,  No. 21, p. 10-12. 
Cox, D.P., e d i t o r ,  1983,  U.S. G e o l o g i c a l  Survey--1NGEOMINAS m i n e r a l  r e s o u r c e  
a s s e s s m e n t  of Columbia: Ore d e p o s i t  models: U.S. G e o l o g i c a l  Survey Open 
F i l e  Repor t  83-423, 50 pp. 
Cran'stone,  D.A., 1983, Canadian m i n e r a l  d i s c o v e r y  e x p e r i e n c e  s i n c e  World War 
11: D r a f t  of paper  f o r  workshop on Economics of M i n e r a l  E x p l o r a t i o n ,  
Laxenburg,  A u s t r i a ,  Dec. 1983 ( t o  be changed t o  f i n a l  p u b l i s h e d  
r e f e r e n c e ) .  
Gilmour,  P., 1982, Grades and tonnages  of porphyry copper  d e p o s i t s :  in 
Advances i n  geology of t h e  porphyry copper  d e p o s i t s ,  ed. by S.R. T i t l e y ,  
p. 7-35. 
Hubber t ,  M.K., 1974, U.S. energy r e s o u r c e s ,  a review of 1972, P t .  1. - I n :  A 
N a t i o n a l  F u e l s  and Energy P o l i c y  Study. U.S. 93rd  Congress ,  2nd S e s s . ,  
S e n a t e  Comm. I n t e r i o r  and I n s u l a r  A f f a i r s ,  S e r i a l  No. 93-40(92-75), 
Washington, U.S. Govt. P r i n t i n g  O f f i c e ,  267 pp. 
Lieberman, M.A., 1976, Uni ted S t a t e s  uranium resources--An a n a l y s i s  of 
h i s t o r i c a l  d a t a :  Sc lence ,  v. 192, p. 431-436. 
Mackenzie, B.W. and W i  l a l l ,  , 198?,  ........... ( t h i s  volume). 
Menard, H.W. and S h a m a n ,  G. ,  1975, S c i e n t i f i c  u s e s  of random d r i l l i n g  models: 
S c i e n c e ,  v. 190,  p. 337-343. 
N a t i o n a l  Academy of S c i e n c e s ,  1975, Minera l  Resources  and t h e  Environment,  
N a t i o n a l  Academy of S c i e n c e s ,  Washington, D.C., p. 161,  167. 
Ohle ,  E.L., and B a t e s ,  R.L., 1981, Geology, g e o l o g i s t s  and m i n e r a l  explora-  
t i o n :  Economic Geology 5 0 t h  Anniv. Vol.,  Economic Geology Publ. Co., 
p. 766-774. 
P a r s o n s ,  A.B., 1957, The Porphyry Coppers i n  1956. AIME, New York, NY, 270 
PP* 
P r e s t o n ,  L.E., 1960, E x p l o r a t i o n  f o r  non-ferrous  m e t a l s :  Resources  f o r  t h e  
F u t u r e ,  Washington, D.C., 198 pp. 
Rose,  A.W., 1982, Minera l  adequacy,  e x p l o r a t i o n  s u c c e s s  and m i n e r a l  p o l i c y  i n  
t h e  Uni ted  S t a t e s :  J. Geochemical E x p l o r a t i o n ,  v. 16 ,  p. 163-182. 
S a n d e r s ,  L.R., 1981, Uranium e x p l o r a t i o n  e x p e n d i t u r e s  i n  1980 and p l a n s  f o r  
1981-1982: U.S. Dept. of Energy Open F i l e  Report  GJO-103(81), 18 pp. 
Snow, G.G. and MacKenzie, B.W., 1981, The environment  of e x p l o r a t i o n :  
Economic, o r g a n i z a t i o n a l  and s o c i a l  c o n s t r a i n t s :  Economic Geology 7 5 t h  
Anniv. Vol., Economic Geology Publ. Co., p. 871-896. 
U.S. Dept. of Commerce, 1966, National income and product accounts of the 
United States, 1929-1945: Office of Business Economics, Washington, 
D.C., Statistical Tables, p. 158-159. 
U.S. Dept. of Commerce, 1979, 1981, Business Conditions Digest: Bureau of 
.Economic Analysis, Washington, D.C., Nov. 1979, p. 84; Feb. 1981, p. 84. 
U.S. Dept. of Commerce, 1983, Survey of Current Business: Bureau of Economic 
Analysis, v. 63, no. 7, p. 80. 
Wargo, J.G., 1973, Trends in corporate mineral exploration expenditures 
1968-71, Min. Eng., 25(5):43-44. 
Wilson, John C., 1982, Assessment of metallic mineral resource potential: 
- in 
Appendix to Assessing Mineral and Energy Resource Potential, F.E. 
Kottlowski, Chairman, National Academy of Science, Washington, D.C., p. 
93-113. 
TABLE 1  
Discover ies  of m e t a l l i c  minera l  d e p o s i t s  i n  t h e  U.S. s i n c e  1940. 
Deposi t  Company Date Metal Type Value of 5-yr sums 
0 f  meta l  ($ lo9)  
Deposi t  ( $ lo9 )  
Lucky r ' r lday,  Id .  
Yellow Pine,  Id .  
C a s t l e  Dome, Ar iz .  
San Manuel, Ar iz .  
I nd i an  Creek, Mo. 
Shul l sburg ,  Wisc. 
Copper C i t i e s  ,Ariz .  
J e f f e r s o n  C i t y ,  Tn. 
S i l v e r  Bel1,Ariz.  
White Pine,Mich. 
Yerington,Nev. 
Pima-Mission,Ariz. 
F l a t  Gap, Tn. 
New Market, Tn. 
I m m e l ,  Tn. 
Esperanza,Ariz.  
Viburnum, Mo. 
San Xavier ,Ariz .  
Ques t a ,  N.M. 
Continenta1,N.M. 
Tyrone, N.M. 
Safford(KCC),Ariz. 
F l e t c h e r ,  Mo. 
Pa lo  Verde, Ariz .  
G l a c i e r  Peak, Wash. 
Burgin,  Utah 
Young, Tn. 
Chris tmas,  Ariz .  
Mineral  Park ,  Ar iz .  
Brushy Creek, Mo. 
Buick, Mo. 
Ruby Creek, Alaska 
Safford(PD),Ariz .  
Duluth gabbro, Minn. 
S i e r r i t a ,  Ariz .  
C a r l i n ,  Nev. 
Ozark Pb,Mo. 
Magmont, Mo. 
Ha l l  Mo, Nev. 
Brady Glac i e r ,  A l .  
Sacaton, Ariz .  
Blue H i l l ,  Me. 
Troy, Mont. 
Hecla 
Bradley (U.S. 
Geol. Surv.)  
Miami(U.S.G.s.) 
Newmont (U.S. 
Bur. Mines) 
S t .  J o e  
Miami 
NJZinc 
Asarco 
Copper Range 
Anaconda 
P  ima-As a  r co 
NJZinc 
Asarco 
A s  a r  co 
Duval 
S t .  J o e  
Asarco 
Moly corp 
U.S. Smelt ing 
Phelps  Dodge 
Kennecot t 
St .  Joe  
Banner 
Kenne co t t 
Kenne co t t 
A s  a rc0  
I n s p i r a t i o n  
Duval 
S t .  Joe  
Amax 
Kennecot t 
Phelps  Dodge 
Inco  
Duval 
Newmont 
Kennecott 
Cominco 
Anaconda 
Freepor t  
Asarco 
Kerr Addison 
Kenn. -Asarc0 
TABLE 1 ( c o n t i n u e d )  
Twin B u t t e s ,  Ar iz .  
B l u e b i r d ,  Ar iz .  
Kalamazoo, A r i z .  
Copper Canyon, Nev. 
Henderson, Colo. 
C o r t e z ,  Nev. 
Sanchez,  Ar iz .  
T a y l o r ,  Nev. 
Elmwood, Tn. 
Nacimiento,  N.M. 
H e l v e t i a ,  Ar iz .  
Copper Creek,Ariz .  
Vekol,  Ar iz .  
Red Mtn., A r i z .  
Lakeshore ,  A r i z .  
F l o r e n c e ,  Ar iz .  
M e t c a l f ,  Ar iz .  
P inson ,  Nev. 
Flambeau, Wisc. 
S t i l l w a t e r ,  Mont. 
P i n t o  V a l l e y ,  A r i z .  
Copper Basin ,  A r i z .  
Cyprus-Johnson,Ariz.  
P inos  A l t o s ,  N.M. 
S u l t a n ,  Wash. 
Alamo, Nev. 
Delamar, Id.  
McDermitt, Nev. 
Cornucopia,  Nev. 
Round Mtn., Nev. 
Rhine lander ,  Wisc. 
Thompson C r . ,  I d .  
Red Dog, Alaska  
A r c t i c ,  Alaska 
Ambler R.,  Alaska  
S t i l l w a t e r  P t .  
Green Creek,  Alaska  
Roches te r ,  Nev. 
Quar tz  H i l l ,  Alas .  
Ashland, Me. 
J e r r i t t  Cyn. ,Nev. 
Crandon, Wisc. 
O r a c l e  Ridge,Ariz .  
Casa Grande,Ariz .  
O r t i z ,  N.M. 
Stonewal l ,  Tn. 
G o r d o n s v i l l e ,  Tn. 
P i n e  Grove, Utah 
M t .  Emmons, Colo. 
Beaver C r .  , Tn. 
Car thage ,  Tn. 
Banner 1964 
Ranchers 1965 
Quintana 1965 
Duval 1965 
Amax 1965 
Amex 1966 
In ,pLcat ion 1968 
S i l v e r  King 
-7 . 
1969 
Nu.., .. - 1969 
E a r t h  Res. 1969 
Banner-Anaconda 1970 
Newmont 1970 
Newmont 1970 
K e r r  McGee 1970 
Hecla  1970 
Conoco 1970 
Phe lps  Dodge 1970 
Cordex-Rayrock 1971 
Kenne co t t 1971 
Anac. (Amax) 197 1 
C i t i e s  Serv.  1973 
P h e l p s  Dodge 1973 
Bagdad 1974 
Exxon 1974 
Brenmac 1974 
Union Carb. 1974 
E a r t h  Res. 1974 
P l a c e r  1974 
Std .  S i l v e r  1974 
Copper Range 1974 
Noranda 1975 
Cyprus 1975 
Cominco (U.S.B.M) 1975 
Kennecot t 1975? 
Anaconda 1975 
Johns  Man.-Anac. 1975 
Noranda 1975 
Asarco 1976 
U.S. Borax 1976 
Superior-La.Land 1976 
FMC-Freeport 1976 
Exxon 1976 
C o n t i n e n t a l  1976 
Hanna-Ge t t y  1976 
G o l d f i e l d s  1976 
NJZinc 1977 
NJZinc 1977 
Phe lps  Dodge 1977 
Amax 1977 
NJZinc 1977 
S t  .Joe-Freep. 1977 
Cu ,Mo PC 
Cu PC 
Cu ,Mo PC 
Cu ,Au SK-PC 
Mo PM 
Au SG 
Cu PC 
Ag VR 
Zn MV 
Cu SC 
Cu PC 
Cu PC 
Cu PC 
Cu PC 
Cu PC 
Cu PC 
Cu PC 
Au SG 
Cu VS 
N i  , Cu MS 
Cu PC 
Cu PC 
Cu SK 
Cu , Zn SK 
Cu ,Mo PC 
W SK 
Ag EG 
Hg EG 
Ag , Au EG 
Au I G  
Cu , Zn V S 
Mo PM 
Pb,Zn EP 
Cu VS 
Cu VS 
P t  ,Pd MS 
Zn,Pb,Ag VS 
Ag EG 
Mo PM 
Cu , Zn V S 
Au SG 
Cu , Zn VS 
Cu VR? 
Cu PC 
Au E g 
Zn MV 
Zn MV 
Mo PM 
Mo PM 
Zn MV 
Zn MV 
TABLE 1 (continued) 
Wulik, Alaska 
Kearsarge, Cal. 
Nye Co., Nev. 
Alligator Ridge,Nev. 
Bald Mtn., Me. 
Blackbird, Id. 
Pierrepont, N.Y. 
Maggie Cr. , Nev. 
Hi1lsbor0,N.M. 
West Fork, Mo. 
McLaughlin 
West End, Id. 
Silver Peak, Id. 
Borealis, Nev. 
Mercur, Utah 
Mt. Hope, Nev. 
Golden Sunlight, Mont. 
Escalante Ag, Utah 
Gold Quarry, Nev. 
Rain, Nev. 
Zaca, Cal. 
Boulder Cr., Nev. 
Horse Canyon, Nev. 
Houston 
Pickands-Math. 
W Ind. 
Amselco 
Superior 
Hanna-Noranda 
St. Joe 
Newmont 
Quint ana 
As ar co 
Homes t ake 
Superior 
Sunshine 
Houston 
Get ty 
Exxon 
Placer Amex 
Ranchers 
Newmon t 
Newmont 
Calif. Silver 
Rayrock 
Placer Amex 
Pb,Zn,Ag EP 2.4 
Au Y Ag EG 0.4 
Mo EP 0.7 
Au SG 3.0* 
Cu , Zn VS 0.3 102.5(5.6*) 
Co , Cu 0 0.6 
Zn EP? 0.35* 
Au SG 0.25* 
Cu PC 0.5* 
Pb MV 0.9 
Au EG 1.6 
Au EG O.l* 
Ag EG 0.1 
Au EG 0.1" 
Au SG 0.45" 
Mo PM 5. 
Au EG 0.6 
Ag EG 0.4* 
Au SG 4. 
Au SG 0.5 
Au Y Ag EG 0.1 
Au SG 0.15 
Au SG 0.1 15.8(2.75*) 
* Deposit that has produced. 
Notes: 
Value of deposits is based on estimated total production plus reserves, 
evaluated at the following prices: Cu, $l/lb.; Pb, $0.40/lb.; Zn, $0.40/lb.; MoS2, 
$9/lb.; Ni, $3/lb.; Au, $500/oz.; Ag, $12/oz.; Pt, $600/oz.; Pd, $200/oz.; Sn, 
$8/lb.; Co, $10/lb.; W, $~O~/STU; Sb, $l/lb. 
For f-year totals, values in parentheses are totals for produced deposits, if 
different from total. 
Source of data: Rose, 1982; Subsequent mining journals and Minerals 
Yearbooks, Company annual reports, Gilmour (1982) and other sources. 
In general, deposits with value less than $0.1 x lo9 are not included. 
Types of deposits: VR, vein and replacement hydrothermal; PC, porphyry copper; PM, 
porphyry molybdenum; MV, Mississippi Valley type lead-zinc; SC, sedimentary copper; SKY 
skarn; MS, magmatic Cu-Ni-Pt sulfide; SG, sediment hosted disseminated gold; VS, 
volcanogenic massive sulfide; EG, epithermal gold and silver (and mercury) except 
sediment-hosted disseminated gold; EP, exhalative Pb-Zn-Ag; 0, other. 
Table 2. Estimates of Mineral Exploration Expenditures for the U.S. 
Exploration Expenses Includes Includes 
Period per year, lo6 $ Foreign Uranium,Nonmetals Source 
Yes? AMAX in National 
Acad. Science 
(1975) 
Wargo (1973) sum 
of 21 companies 
Barber (1981) 
12 major U.S 
companies 
Yes 
No? U.S. Gov1t(1979) 
Brown (1983) 30 
U.S. companies 
based on pub- 
lished data, 
inquiries and 
estimates. 
Preston (1960) from 
Census of Min.Ind. 
Non-producing 
sites only 
Preston (1960, 
p. 1061, 7 cos., 
includes develop- 
ment. 
Census of the 
Minerals Industry 
(1967,1972,1977) 
Unpublished data 
on U.S. metals 
exploration for 6 
companies, and 
published total 
mineral explora- 
tion data for 6 
others. 
Yes 
1954 14.9 No? No 
No? 
No? 
In part In part 
Table  2. ( c o n t i n u e d )  
E x p l o r a t i o n  Expenses I n c l u d e s  I n c l u d e s  
P e r i o d  p e r  y e a r ,  lo6 $ Fore ign  Uranium,Nonmetals Source  
I n  p a r t  I n  p a r t  E x t r a p o l a t i o n  of  
1980 e s t i m a t e  
(190 x  l o 6 )  based  
on t r e n d  of  d a t a  
f o r  6-12 companies 
l ~ o t a l  c ~ p l t a l i z e d  and expensed m i n e r a l  development and e x p l o r a t i o n  p l u s  m i n e r a l s  
r i g h t s  and g e o l o g i c a l  e x p e n d i t u r e s  a t  non-producing e s t a b l i s h m e n t s  f o r  Cu, Pb and Zn, 
p l u s  same f o r  a l l  e s t a b l i s h m e n t s  f o r  o t h e r  m e t a l s  e x c e p t  uranium. 
2 ~ x p e n s e d  m i n e r a l  development and e x p l o r a t i o n  e x p e n d i t u r e s  p l u s  m i n e r a l  r i g h t s  and 
g e o l o g i c a l  e x p e n d i t u r e s ,  minus uranium. Does n o t  i n c l u d e  c a p i t a l i z e d  s u c c e s s f u l  
e x p l o r a t i o n ;  p robab ly  i n c l u d e s  some development a t  produc ing  mines.  
3 ~ x p e n s e d  m i n e r a l  e x p l o r a t i o n  and development,  i n c l u d i n g  l a n d  and r i g h t s ,  p lug 
c a p i t a l i z e d  l a n d  and m i n e r a l  r i g h t s ,  minus uranium. T h i s  a c c o u n t s  f o r  u n s u c c e s s f u l  
e x p l o r a t i o n  and p robab ly  i n c l u d e s  some expensed development a t  o p e r a t i n g  mines,  does  
n o t  i n c l u d e  s u c c e s s f u l  p r o j e c t s ,  e x c e p t  l a n d  c o s t s .  
Table  3 .  E s t i m a t e d  e x p l o r a t i o n  e x p e n d i t u r e s  i n  t h e  U.S., and s u c c e s s  r a t i o s  
Av. E x p e n d i t u r e s  
P e r i o d  p e r  y e a r  ( 1 0 6 $ ) l  
Av. Expend. Cum. Expend. 
( l o 6  1981 $ ) 2  ( l o 6  1981 $ ) 3  Success  ~ a t i o ~  
108 540 43 (58)  
156 13 20 58 (110) 
226 2450 26 (26)  
278 3645 17 (38)(19*)  
290 5095 4  (64)(32*)  
263 6147 2.1 (12)(6*)  
l ~ a s e d  on d a t a  from Rose (1982)  p l u s  e s t i m a t e s  d i s c u s s e d  i n  t h e  t e x t .  
2 ~ a t a  of  t h e  p r e c e d i n g  column c o n v e r t e d  t o  1981 d o l l a r s  u s i n g  t h e  GNP i m p l i c i t  
d e f l a t o r  (U.S. Dept. of Commerce, 1966, 1979,  1981, 1983). 
3 ~ u m u l a t i o n  of  d a t a  f o r  y e a r l y  d e f l a t e d  e x p e n d i t u r e s .  
4 ~ a l u e  of m e t a l  d i s c o v e r e d  ( T a b l e  1 )  d i v i d e d  by e x p l o r a t i o n  e x p e n d i t u r e  f o r  
p e r i o d .  F i r s t  v a l u e  f o r  p roduc ing  d e p o s i t s ,  v a l u e  i n  p a r e n t h e s e s  f o r  a l l  
d i s c o v e r i e s  and v a l u e s  w i t h  * f o r  d e p o s i t s  l i k e l y  t o  be p roduc ing  i n  t h e  n e x t  
few y e a r s .  
Table  4. E x p l o r a t i o n  e x p e n d i t u r e s  f o r  uranium i n  t h e  U n i t e d  S t a t e s .  
Year 
-
Fee t  of D r i l l i n g  
0.17 x  lo6 f t .  
0.36 
1.10 
1.98 
1.36 
3.65 
4.05 
5.27 
7.29 
7.35 
3.76 
2.36 
1.40 
1.32 
1.48 
0.88 
0.97 
1.16 
1.80 
5.44 
16.2 
20.5 
18 .O 
11.4 
11.8 
11.7 
14.7 
15.7 
20.4 
28 .O 
29 .O 
28.1 
19.6 
15.2 
13.4 
Source: Chenoweth (1979, p. 178), Sanders  (1981, T a b l e  1 and Fig .  1). 
About 15% of t h i s  e x p e n d i t u r e  a p p e a r s  t o  be f o r  development 
a c t i v i t i e s .  
Table  5 .  D i s c o v e r i e s  by type  of company 
Type 
Major m e t a l l i c  
mining cos .  
Medium m e t a l l i c  
mitrirtg C O S  . 
Non-me t a l l i  c  
m ~ - . - ,  , cos .  
O i l  Cos. 
Smal l  mining,  
s t o c k  cos .  
U n c l a s s i f i e d  
No. of No. of Value,  A l l  Value,  Produced 
Companies D i s c o v e r i e s  D i s c o v e r i e s  D i s c o v e r i e s  
D e f i n i t i o n s  
A major  m e t a l l i c  mining company had s a l e s  exceed ing  $400,000,000 i n  1980 and 
a long-time p o s i t i o n  i n  U.S. m e t a l l i c  mining. 
A medium m e t a l l i c  mining company had s a l e s  less t h a n  $400,000,000 i n  1980, and 
a p r i o r  h i s t o r y  of U.S. m e t a l l i c  mining. 
A s m a l l  mining o r  s t o c k  company had s a l e s  less t h a n  10,000,000 and l i t t l e  o r  
no p r e v i o u s  m i n e r a l  p roduc t ion .  
A non-meta l l i c  mining company had i t s  major i n t e r e s t s  i n  non-meta l l i c s ,  
i n c l u d i n g  s u l f u r ,  p r i o r  t o  a m e t a l l i c s  d i s c o v e r y .  
An o i l  company had i t s  major  i n t e r e s t  i n  o i l ,  g a s ,  and p o s s i b l y  uranium p r i o r  
t o  e n t r y  i n t o  t h e  m e t a l l i c  m i n e r a l s  f i e l d .  
Table 6. Classification of discoveries by deposit type. 
Number of Discoveries 
Type of Total 
Deposit Key 1940's 1950's 1960's 1970's 1980's Disc. Value 
Porphyry Cu PC 
Porphyry Mo Ph 
Skarn SK 
Vein-replacement vn 
Volcanogenic Cu-Zn VS 
Exhalative Pb-Zn-Ag EP 
Mississippi Valley Pb-Zn MV 
Sedimentary Cu SC 
Magmatic Cu-Ni-Pt MS 
Sediment-hosted Au SG 
Epithermal Au-Ag-Hg EG 
F i g  
Nonproducing . 
- 
Producing 
Likely to 
prod uce 
1940 19'50 is's0 1970 19'80 
Year 
, u r e  1 .  G r o s s  v a l u e  o f  m i n e r a l  d i s c o v e r i e s  i n  
U . S .  by  5 - y e a r  i n t e r v a l s ,  1 9 4 0 - 1 9 8 2 .  Dashed  
l i n e s  i n d i c a t e  i n f e r r e d  v a l u e  f o r  p r o d u c i n g  
d e p o s i t s  a  f ew  y e a r s  i n  t h e  f u t u r e ,  a s s u m i n g  
o f  t o t a l  d i s c o v e r i e s  w i l l  b e  p r o d u c i n g .  
t h e  
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I 
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- 
- 
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t 
- J 
- - 
- 
- 
- - 
- 
- 
- 
- 
- 
- - 
- - 
Producing deposits 
- - 
0 Probable producing deposits 
- x A l l  discoveries 
Cumulat ive Expense ($10') 
F i g u r e  4 .  S u c e s s  r a t i o s  ( v a l u e  o f  d i s c o v e r i e s / d e f l a t e d  c o s t  o f  
e x p l o r a t i o n  i n  1 9 8 1  d o l l a r s )  v e r s u s  c u m u l a t i v e -  e x p l o r a t i o n  
e x p e n s e  f o r  m e t a l l i c  m i n e r a l s  i n  t h e  U . S . ,  1 9 5 5 - 1 9 8 3 ,  s h o w i n q  
i n f e r r e d  t r e n d s  w i t h  t i m e ;  1 9 8 3  p o i n t  n o t  c o n s i d e r e d  i n  
e s t i m a t i n g  t r e n d .  
1 Discovery of  Copper 
30 Non-produced deposits 
I Producing deposits 
Reserves, U. S. 
Year of Discovery 
F i g u r e  5 .  D i s c o v e r y  o f  ma jo r  c o p p e r  r e s o u r c e s  i n  t h e  U.S., 
showing e p i s o d i c  c h a r a c t e r .  Data  from Rose (1982) w i t h  
minor a d d i t i o n s .  
Types of deposit 
a Porphyry copper 
o Stratiform 
\ 
-\---- A Massive sulfide 
0-\ 
0 oO 0 \ 
o O  \ 
0.2 0.5 1 2 5 10 50  100 500 1000 5000 
Quantity of copper ore (millions of short tons) (After COMRATE. 1975) 
F i g u r e  6 .  T o n n a g e  a n d  g r a d e  o f  m a j o r  t y p e s  o f  
c o p p e r  d e p o s i t s  i n  t h e  w o r l d  ( a f t e r  N a t i o n a l  
Academy o f  S c i e n c e s ,  1 9 7 5 ) .  
